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Abstract 
 
Clayey soils had a seasonal water content change, which occurred in the zone known as 
active zone. This change happen due to the seasonal drying and wetting cycles, which 
affects the fluctuation of water table. The water content variation causes the change in 
undrained shear strength and these changes have an impact to the friction capacity and 
adhesion factor of pile foundation. This paper discusses the undrained shear strength, 
friction capacity of pile and adhesion factor of piles under drying and wetting cycles. 
Research was conducted on two different types of clayey soils. Laboratory experiments 
for varying soil water content were done. Soil samples were placed in a cylinder tube, the 
concrete pile model was then inserted into the soil. The diameter of the tube was about 
15 times of the pile diameter. Loading test was carried out to investigate pile friction 
capacity. The result of this study showed that there was great effect of seasonal water 
content change on undrained shear strength, friction capacity and also adhesion factor 
of pile in the clayey soils. 
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Abstrak 
 
Tanah liat mempunyai perubahan kandungan air bermusim, yang berlaku dalam zon 
yang dikenali sebagai zon aktif. Perubahan ini berlaku disebabkan oleh kitaran 
pengeringan dan pembasahan bermusim, yang memberi kesan kepada perubahan 
paras air. Perubahan kandungan air diikuti dengan perubahan kekuatan ricih tak tersalir 
dan perubahan ini memberi kesan kepada keupayaan geseran dan faktor rekatan 
cerucuk. Kertas kerja ini membincangkan berkenaan  kekuatan ricih tak tersalir, 
keupayaan geseran cerucuk dan faktor rekatan cerucuk di bawah kitaran pengeringan 
dan pembasahan. Kajian telah dijalankan ke atas dua jenis tanah liat. Ujikaji makmal bagi 
kandungan air tanah yang berbeza telah dilakukan. Sampel tanah telah diletakkan di 
dalam tiub silinder, model cerucuk konkrit kemudian dimasukkan ke dalam tanah. 
Diameter tiub adalah kira-kira 15 kali ganda diameter cerucuk. Ujikaji pembebanan telah 
dijalankan untuk menyiasat geseran kapasiti cerucuk. Hasil ujikaji menunjukkan terdapat 
kesan yang besar dari perubahan kandungan air bermusim  terhadap kekuatan ricih tak 
tersalir, keupayaan geseran dan juga faktor rekatan cerucuk dalam tanah liat. 
 
Kata kunci: Kekuatan ricih tak tersalir, keupayaan geseran, faktor rekatan  
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1.0  INTRODUCTION 
 
Indonesia has two seasons, as dry and wet seasons 
which cause variations in soil moisture content. This 
two distinct seasons cause the groundwater table 
fluctuations on soil with shallow depth of the water 
table. While on the soil which have groundwater 
table far away from the surface, the change of 
seasons resulted in a variation of the moisture 
content until a certain depth from the surface. An 
area where the water content in the soil is always 
changing due to the influence of the change of 
seasons is called the active zone. The active zone is 
defined as the depth in a soil to which periodic 
changes of moisture content [1]. 
Variation of water content in the active zone 
leads to changes in the physical and mechanical 
characteristics of the soil. Especially, when soil 
changes from saturated to unsaturated condition, 
which was shown by air entry value [2-3]. Beside of 
that, changes in water content can also cause 
shrinkage and changes in the volume of soil [4-9]. 
Therefore, it should be considered for foundation 
built on this active zone.  
It is noteworthy that drying-wetting process. This 
process change shear strength parameters of  soil, 
which used in the calculation of pile friction 
capacity. Figure 1 shows the correlation between 
undrained shear strength (Su) and adhesion factor 
() proposed by several previous studies [10]. 
 
 
 
Figure 1 Correlation between adhesion factor and 
undrained shear strength [10]  
 
 
The graphs of adhesion factor is also not known 
whether can be applied to the bearing capacity of 
friction piles for all types of soil. This research was 
conducted on two different types of clayey soils. 
Laboratory experiments for varying soil water 
content were done. The purpose of this study was to 
investigate undrained shear strength, friction 
capacity and adhesion factor of piles under drying 
and wetting cycles. 
 
 
 
 
 
2.0  EXPERIMENTAL PROCEDURES 
 
In this study, field and laboratory investigation were 
done on soil sample taken from Citraland, West 
Surabaya, Indonesia and Siwalankerto, South 
Surabaya, Indonesia. Citraland clay is expansive 
clay and in this research was represented as a soil 
under negative pore pressure. In real field condition, 
Citraland clay might be as unsaturated, pseudo 
saturated or saturated soil. While, Siwalankerto clay 
was represented as soft clay under positive pore 
pressure. The changing of water content in 
Citraland was caused by water infiltration and 
evaporation. On Siwalankerto, the changing was 
caused by the fluctuation of ground water table. 
The initial characteristics of soil sample can be seen 
in Table 1. 
 
Table 1 Initial characteristic of soil sample 
 
Initial Characteristics Citraland Siwalankerto 
Water Content (%) 44.5 58.1 
Specific Gravity 2.65 2.51 
Unit Weight,γt (gr/cm3) 1.81 1.64 
Dry Unit Weight, γd 
(gr/cm3) 
1.25 1.04 
Void Ratio, e 1.11 1.38 
Liquid Limit (%) 109 67.5 
Plastic Limit (%) 30 25 
Shrinkage Limit (%)* 26 18 
Plasticity Index (%) 79 42.5 
% Gravel 0 0 
% Sand 0.11 15.5 
% Silt 23 34.2 
% Clay 76.8 50.3 
Undrained Shear Strength, 
cu (kg/cm2) 
0.26 0.036 
Soil Classification (USCS) CH CH 
*According to ASTM Test Designation D-427 
 
 
Citraland clay has a water content value lower 
than Siwalankerto clay, because the soil at 
Siwalankerto has a high ground water level and soil 
samples was taken below groundwater level. The 
existence of ground water level causes Siwalankerto 
clay has a lower dry unit weight. This is indicated by 
the soil unit weight which was lower than Citraland 
clay and void ratio which was higher than Citraland 
clay. 
Based on Unified Soil Classification System (USCS), 
Citraland and Siwalankerto soil were classified as 
clay soil with high plasticity (CH). Citraland clay had 
a higher level of plasticity than Siwalankerto clay. 
This is indicated by the value of plasticity index of 
Citraland clay which was much higher than the 
Siwalankerto clay. The high plasticity index of 
Citraland soil was caused by the percentage of clay 
particles in the soil which was higher than the 
Siwalankerto soil. The hydrometer test results showed 
that the percentage of clay in the Citraland soil was 
76.8 % and 50.3 % for Siwalankerto soil. 
Pile friction capacities under drying and wetting 
cycles were determined by field and laboratory 
tests. Details of the field and laboratory tests can be 
seen in previous studies [11-12]. Field research at the 
location of soil sampling was done to determine the 
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accuracy level of the results of this research in the 
laboratory. The results showed as 80% of accuracy 
[11]. Thus, drying and wetting process conducted in 
the laboratory could be represented the field 
condition during the changing seasons. 
The undisturbed soil samples were taken at a depth 
of approximately 1 meter. Soil sampling was done 
using a PVC tube with 15.24 cm diameter and 15 cm 
long. The determination of tube diameter was 
considering the boundary effect of 15 times pile 
diameter [13-14].In the laboratory experiment, 
concrete piles with 1 cm in diameter and 30 cm in 
length were used. It can be seen in Figure 2 that a 
pile model was inserted into the soil sample in order 
to obtain its friction capacity.  
 
 
 
 
Figure 2 Laboratory model pile 
 
 
The soil sample in the PVC tube was tested with 
various water contents. The variation of water 
content was based on the secondary data of soil 
moisture content variation in field due to seasonal 
change. Wetting condition was obtained by adding 
water into the soil which was placed in the PVC tube 
with a certain weight in each condition. As for the 
drying, the soil inside the PVC tube was drained until 
the predetermined weight. Wetting and drying 
process is shown in Figure 3 and Figure 4. The 
variation of water contents and degree of 
saturation in this research are shown in Table.In 
expansive clay (Citraland), the soil might still be in 
saturated condition even though there was a 
decrease in water content under drying process. It 
was caused by the high volume change behavior in 
expansive clay. 
By varying the water content, undrained shear 
strength tests were conducted in this study. 
Determination of undrained shear strength was 
done by unconfined compression test for drying 
condition and vane test for wetting condition. Based 
on undrained shear strength and pile friction 
capacity from test results, adhesion factor was 
determined by dividing pile friction capacity by 
undrained shear strength and contact area 
between pile and soil [11]. 
 
 
 
Figure 3 Wetting process 
 
 
 
 
Figure 4 Drying process 
 
 
Table 2 Drying and wetting condition 
 
Drying-
Wetting 
Condition 
Water Content (%) 
Citraland Siwalankerto 
Wetting 15 % 51.18 (Sr=100%) - 
Wetting 10 % 48.95 (Sr=100%) - 
Wetting 5 % 46.73 (Sr=100%) - 
Initial 44.50 (Sr=100%) 
58.11 
(Sr=100%) 
Drying 10 % 40.05 (Sr=100%) 52.30 (Sr=93%) 
Drying 20 % 35.60 (Sr=94%) 46.49 (Sr=86%) 
Drying 30 % 31.15 (Sr=85%) 40.68 (Sr=79%) 
Drying 40 % 26.70 (Sr=75%) 34.87 (Sr=70%) 
Drying 50 % 22.25 (Sr=66%) 29.06 (Sr=60%) 
Note: Drying  x%  wc (x) = wc(initial) – x% wc(initial) 
       Wetting  y%  wc (y) = wc(initial) + y% wc(initial) 
 
 
3.0  RESULTS AND DISCUSSION 
 
3.1  Undrained Shear Strength 
 
Changes in the water content and degree of 
saturation in Citraland clay have a significant effect 
on the strength of the soil. When soil conditions 
changed from liquid to plastic state and continued 
to solid state, the soil shear strength increased. As 
shown in Figure 5, the undrained shear strength 
decreased under wetting process. The undrained 
shear strength decreased due to an increase in pore 
water pressure and effective stress reduction in soil. 
On the contrary, undrained shear strength 
increased under drying process. Changes in the 
value of undrained shear strength, from drying 50% 
conditions (wc = 22%) to wetting 15% conditions (wc 
= 51%), reached 8.2 times. 
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The range of water content variation, when it is 
placed on a global clay material, shows that the 
clay soil is in a plastic condition transforming to solid 
condition (Figure 5). When the soil condition was 
changed to solid state, the value of undrained shear 
strength significantly increased. 
Changes in the water content and degree of 
saturation in Siwalankerto clay also cause significant 
effects on soil shear strength (Figure 6). Changes in 
the value of undrained shear strength, from initial 
condition (wc = 58%) to drying 50% condition (wc = 
29%), reached 15.4 times. The change of undrained 
shear strength in Siwalankerto clay was much 
greater than the changes in undrained shear 
strength in Citraland clay which was only about 
8.2times.  
This phenomenon could be explained by 
comparing the value of plasticity index (PI). 
Citraland clay has plasticity index value two times 
larger than Siwalankerto clay. Changes in 
undrained shear strength of Siwalankerto clay were 
two times larger than the clay in Citraland with the 
same variations in water content. Thus, change of 
undrained shear strength value was also influenced 
by soil plasticity index. 
 
 
 
Figure 5 Undrained shear strength under drying-wetting 
process of Citraland clay 
 
 
 
Figure 6 Undrained shear strength under drying-wetting 
process of Siwalankerto clay 
 
Degree of saturation in both clay soils had great 
effect on the change of undrained shear strength 
value. When soil condition was changed from 
saturated to unsaturated, undrained shear strength 
significantly increased, as shown in Figure 5 and 
Figure 6. As the phase of soil was changed into 
unsaturated condition, negative pore water 
pressure increased effectively. Negative pore water 
pressure potentially increased the effective stress of 
the soil. 
 
3.2  Friction Capacity 
 
Pile friction capacity was determined by dividing the 
friction load by the surface area of pile model. 
Friction capacity of pile at Citraland soil decreased 
with increasing water content as shown in the 
relationship between water content and pile friction 
capacity in Figure 7. The difference of pile friction 
capacity in the range of water content between 
22% (drying 50%) to 51 % (wetting 15%) reached 8.7 
times. 
Drying and wetting process also causes significant 
impact on the pile friction capacity at Siwalankerto 
soil. The difference of pile friction capacity in the 
range water content between 58% (initial condition) 
to 29% (drying 50%) reached 13.6 times. The 
relationship between the water content and friction 
capacity of pile on Siwalankerto clay can be seen 
in Figure 8. With the same water content variation 
around 29%, the difference of pile friction capacity 
in Siwalankerto clay was greater than Citraland 
clay.  
 
 
Figure 7 Pile friction capacity under drying-wetting process 
on Citraland clay 
 
 
 
Figure 8 Pile friction capacity under drying-wetting process 
on Siwalankerto clay 
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The changes in friction capacity can be associated 
to the PI of the soils. As in the case of undrained 
shear strength, soil with higher PI resulted in lower 
friction capacity than that of soil with lower PI. 
Similarly, the degree of saturation also has significant 
impact on friction capacity. As the degree of 
saturation decreased due to drying, the 
development of negative pore water pressure 
increased the effective stress thus the shear strength 
and friction capacity. Such changes can be 
observed in Figure 7 and Figure 8.  
 
3.3  Adhesion Factor 
 
In this research, the adhesion factor was obtained 
by dividing the pile friction capacity by undrained 
shear strength. The relationship between the 
undrained shear strength of Citraland and adhesion 
factor of pile can be seen in Figure 9. Under 
saturated condition, the value of adhesion factor is 
relatively constant value at 0.9. This adhesion factor 
decreased significantly to 0.6 at the time of Air Entry 
Value (AEV) when soil state changes from saturated 
to unsaturated condition. The values of adhesion 
factor increased when the value of undrained shear 
strength exceeds 30 kPa. When the value of 
undrained shear strength reached 45 kPa, where 
the soil has been in solid state, the adhesion factor 
was constant in the value of 0.8 until soil water 
content reach shrinkage limit. 
In general, an increase in undrained shear 
strength followed by a decrease in the value of 
adhesion factor. However, in the case of Citraland 
soil which was called expansive soil, it is necessary to 
know and understand the behavior of expansive soil 
itself. This type of clay was high plasticity clay, which 
had a high plasticity index. High plasticity clay 
affected to the density and cohesion of the soil. 
When the water content decreased, clay has been 
changed from plastic to semi solid state, the soil 
cohesion increased and the soil become stickier. 
The soil cohesion affects the adhesiveness of the soil 
against a pile material. Thus it is possible in these 
conditions that the value of adhesion factor has 
increased. 
As shown in Figure 9, when the phase of soil was 
changed from saturated soil to unsaturated (cu > 30 
kPa), pore water pressure became negative. 
Negative pore water pressure potentially increased 
the effective stress of soil so that adhesion between 
soil and pile material became stronger.  
The relationship between the undrained shear 
strength and adhesion factor for saturated clay in 
Siwalankerto can be seen in Figure 10. The graph has 
the same trend as the graph of undrained shear 
strength and adhesion factors that have been 
proposed by some previous researchers (Figure 11). 
When undrained shear strength value was smaller 
than 5 kPa, which soil wasin saturated condition, the 
value of adhesion factor was  0.9. The adhesion 
factor then decreased to 0.8 when entering the 
phase of unsaturated soil with undrained shear 
strength value was 10 kPa. After that point, adhesion 
factor value was kept constant with the increasing 
of undrained shear strength. 
 
 
Figure 9 Correlation between adhesion factor and degree 
of saturation with undrained shear strength for Citraland 
Clay 
 
 
 
Figure 10 Correlation between adhesion factor and 
degree of saturation with undrained shear strength for 
Siwalankerto clay 
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Differences between adhesion factor of Citraland 
and Siwalankerto clays to adhesion factors 
proposed by some previous researchers can be 
observed. The differences were due to the adhesion 
factors proposed by several researchers, were 
obtained empirically from pile loading test results in 
the field with real scale. While in this research, testing 
was done by using the pile model in the laboratory. 
Adhesion factor proposed by several researchers at 
Figure 11 can be clearly seen with spread dots of 
adhesion factor in different value with same 
undrained shear strength value.  
 
 
 
Figure 11 Comparison of Adhesion Factors with Some 
Researchers 
 
4.0  CONCLUSION 
 
Field and laboratory tests were performed to 
investigate the impact of water content variations 
on adhesion factor of pile friction capacity. From this 
study, it can be concluded as follows: 
1. The variation of water content in drying and 
wetting process greatly affected soil shear 
strength. The undrained shear strength 
decreased up to 8.2 times for Citraland clay as 
water content increased from 22% to 51%, while 
for Siwalankerto clay, the reduction was up to 
15.4 times as water content increased from 29% 
to 58%. 
2. Drying and wetting process greatly affected the 
friction capacity of pile. In Citraland clay, the 
friction capacity of pile was reduced up to 8.7 
times when water content increased from 22% to 
51%. As comparison, pile friction capacity in 
Siwalankerto soil decreased up to 13.6 times 
when water content increased from 29% to 58%. 
3. This study had approximately the same trend of 
correlation between undrained shear strength 
and adhesion factor proposed by some previous 
studies, especially for Siwalankerto clay. On the 
other side, since the undrained shear strength at 
Citraland clay was higher than 30 kPa, the 
adhesion factor increased with the increased of 
undrained shear strength. This was contrary to the 
previous findings. This was expected as greater 
undrained shear strength occurred due to the 
lowering of water content, causing the increased 
of adhesiveness between soil and pile. 
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